Objectives Exposure assessment to a single pesticide does not capture the complexity of the occupational exposure. Recently, pesticide use patterns analysis has emerged as an alternative to study these exposures. The aim of this study is to identify the pesticide use pattern among flower growers in Mexico participating in the study on the endocrine and reproductive effects associated with pesticide exposure. Methods A cross-sectional study was carried out to gather retrospective information on pesticide use applying a questionnaire to the person in charge of the participating flower growing farms. Information about seasonal frequency of pesticide use (rainy and dry) for the years 2004 and 2005 was obtained. Principal components analysis was performed. Results Complete information was obtained for 88 farms and 23 pesticides were included in the analysis. Six principal components were selected, which explained more than 70% of the data variability. The identified pesticide use patterns during both years were: 1. fungicides benomyl, carbendazim, thiophanate and metalaxyl (both seasons), including triadimephon during the rainy season, chlorotalonyl and insecticide permethrin during the dry season; 2. insecticides oxamyl, biphenthrin and fungicide iprodione (both seasons), including insecticide methomyl during the dry season; 3. fungicide mancozeb and herbicide glyphosate (only during the rainy season); 4. insecticides metamidophos and parathion (both seasons); 5. insecticides omethoate and methomyl (only rainy season); and 6. insecticides abamectin and carbofuran (only dry season). Some pesticides do not show a clear pattern of seasonal use during the studied years. Conclusions The principal component analysis is useful to summarise a large set of exposure variables into smaller groups of exposure patterns, identifying the mixtures of pesticides in the occupational environment that may have an interactive effect on a particular health effect.
INTRODUCTION
Pesticide exposure assessment is complicated since it is a heterogeneous chemical group and exposure scenario is complex. 1 2 Agricultural epidemiology studies frequently rely on questionnaires to assess pesticide exposure. Surrogates such as living or working in agricultural areas, type of crop, type of pesticides used (by use or by chemical family), task performed, employment history or treated area have been used. Only some studies have collected additional information such as pesticide application methods and frequency or personal protective equipment use. 3e5 One of the main difficulties in occupational epidemiology is that exposure to pure substances rarely occurs. Usually, in the occupational environment, the worker is exposed to a complex mixture of chemicals that are potentially hazardous. 6 7 The exposure to mixtures is one of the limitations of epidemiological studies that evaluate the adverse health effects associated with pesticide exposure, which are subject to exposure misclassification and bias. The exposure measurement to one pesticide does not capture the complexity of occupational exposure, since usually a mixture of pesticides and other ingredients in the formula are applied. Recently, the analysis of pesticide use patterns has emerged as an alternative to study exposure to these mixtures. 8 Multivariate methods have as one of their objectives to summarise large amounts of data in a smaller number of dimensions, simplifying the analysis and interpretation. To identify use patterns, factor analysis and principal component analysis (PCA) have been used. 6 8 9 Since flowers are not consumed as food, they have fewer limitations on pesticide residues and require great amounts of pesticide products, diverse fertilisers, as well as chemical preservatives and much plastic to cover the greenhouses.
The working conditions in greenhouses pose significant health hazards, mainly due to high humidity, temperature and poor ventilation. What this paper adds < Usually workers in the occupational environment are exposed to a complex mixture of chemicals that are potentially hazardous. < Recently, pesticide use patterns analysis has emerged as an alternative to study these exposures. < The principal component analysis is useful to summarise a large set of exposure variables into smaller groups of exposure patterns, identifying the mixtures of pesticides in the occupational environment which may have an interactive effect on a particular health effect.
concentrated in five states: Mexico, Puebla, Morelos, Michoacán and Jalisco. The state of Morelos stands in third place nationally in flower growing. The aim of this study is to identify pesticide use patterns among flower growers in the state of Morelos, who were participants in the study on the endocrine and reproductive effects associated with pesticide exposure.
MATERIAL AND METHODS Study design
This study is part of the main project of which the objective is to evaluate the endocrine and reproductive effects associated with pesticide exposure. For this purpose, information was gathered both at a personal level (worker) and at a farm level (workplace). A cross-sectional study was carried out to collect retrospective information on pesticide use and other characteristics at the workplace level, the flower growing farm, in the state of Morelos during late 2005 (MayeDecember). Since there is no official record of floricultural industry in the state of Morelos, we contacted the flower grower associations to obtain lists of members to identify the farms existing in the study area. Once the farms were identified, the flower growers were invited to participate. The study population was conformed by 103 floriculture farms whose workers agreed to participate in the study. With the exception of four medium-sized farms, the majority were small businesses with <10 workers.
Data collection
Information was gathered through a questionnaire applied to the person in charge of purchasing agrochemical products for each of the participating farms during the period between May and December 2005. In many cases, the interviewed worker was also the owner of the floricultural farm, since many are small familiar businesses. For this reason, we expected the owner to have a good recall of the products that were purchased and applied during the last 2 years.
The interviewers were two nurses because the main project required biological sample collection. They were trained in the interview techniques and had previous experience in epidemiological studies. The interview was conducted on the farm and lasted on average 45 min. Information was collected on the farm surface area, the coverage by greenhouses, and the pesticides used in the last 2 years (2004 and 2005), during two seasons d dry season (JanuaryeMay) and rainy season (JuneeDecember). The seasonal time framework was chosen in order to allow a better recall of pesticide use by the interviewed worker and also to capture information about differential pesticide use during the year. Since there is no official record of pesticide use in Mexico, initially an open question survey was applied to find out about the type and commercial name of the most frequently used products. Based on this information, a list was compiled of approximately 150 products (pesticides and other agrochemical products) to construct a questionnaire with closed questions. Questions were asked about whether they had used each one of the products (by commercial name) and the frequency of use for each season during the studied years. When access was granted, the interviewer verified by visual inspection the presence of the named products in the warehouse of the farm for the time when the interview was undertaken. As mentioned, many of these farms are small familiar businesses and most of them keep no application journals.
According to the Agrochemical Specialties Dictionary and the Pesticides Official Catalogue, 11 12 the active ingredient of each brand was identified, so that data analysis was performed considering the chemical name of the pesticide. The pesticides were classified by use (insecticides, fungicides and herbicides) and by chemical family. The pesticides included in the analysis are those whose use was reported by >10% of the farms.
Statistical analysis
Characteristics of farms included and excluded from analysis were compared by Pearson c 2 or Fisher exact test. The pesticide frequency of use was categorised as 0 to show that it was not used during the season, as 1 when it was used at least once a month and as 2 for use that was more than once a month. The comparison of the percentage of farms reporting use of each pesticide by season was carried out by means of the exact McNemar test (paired data).
As a first step, the polychoric correlation matrix was obtained for the categorical data of discrete nature. 13 PCA was performed on the obtained matrix. PCA is a multivariate statistical method used to reduce the dimensionality of a data set in which there are a large number of interrelated variables, while retaining as much as possible of the variation present in the original data set. The general objectives of a PCA are: 1. reducing the dimensionality of the data set, and 2. identifying new underlying significant variables. In the context of this study, the PCA is useful to reduce a large set of exposure variables to a smaller group of exposure patterns and examine the relationships among them. 6 14 15 PCA involves a linear transformation of the data. The dimensionality reduction is achieved by transforming to a new set of principal component variables which are uncorrelated and which are ordered so that the first few retain most of the variation present in all of the original variables.
14e16 One common criterion for selecting the number of retained principal components is that these have an eigenvalue greater than 1. It is also important to observe how much variability explains each one of the components individually and jointly. It is useful to construct the scree plot to observe when the points of the graph tend to level out; finding like this a cutting point to help define how many components will be retained. Based on these criteria and looking for an interpretation in the context of the study, we identified six principal components. These six components explain more than 70% of the total variability of the observed data. After the initial extraction, the principal components were rotated to facilitate the interpretation (orthogonal rotation). The determination of the variables that are grouped within the principal component is based on the eigenvectors. To perform comparisons among eigenvectors, these are normalised, creating new component loading scores. The variables that tend to have strong relations do so because they have elements in the eigenvector which tend to be greater in absolute value than the others. A cut-off point was established at 60.20. 6 15 17 In order to use the results of the principal component analysis in subsequent statistical analyses, we calculated the principal component scores for each one of the experimental units, in this case flower growing farms. These scores allow us to place the observations in the data set with respect to the axes of the principal components.
14e16 The principal component scores as a continuous variable are difficult to interpret, so we divided the obtained scores into tertiles. In this way, for each one of the six components selected, a categorical variable with three levels was obtained. The low level indicates that the farm has not used the mixture, the medium level shows that some of the pesticides in the use pattern were applied, and the high level represents the use of the mixture during the specific season. These categorical scores were related to some of the farm characteristics by means of a contingency table for the rainy season of the year 2005, when the interview was performed.
Statistical significance was fixed at 95%. The analyses were carried out using the Stata 9.2 statistical package. 17 
RESULTS

Characteristics of flower growing farms
Of 103 farms that were identified and agreed to participate in the study, we obtained complete information for 88 (85%) (table 1). The participating farms that were included in the analysis belong to four counties of the state of Morelos: Cuernavaca, Cuautla, Jiutepec and Temixco. More than 70% of the farms have a surface area <1 ha (median 3000 m 2 , range from 1000 to 80 000 m 2 ). Greenhouse coverage was defined as having at least half of the farms' surface area covered. The farms in Cuernavaca grow chrysanthemum, as well as other flowers such as roses, pointsettias, gerbera and begonia and most of these farms have an extension of <1 ha (82%) and are covered by a greenhouse (78%). In the Cuautla and Jiutepec farms, mainly chrysanthemum is grown, combined with roses. Most of the farms in Cuautla have a surface area of more than 1 ha (64%) and are also covered by a greenhouse (71%), but the farms' surface areas in Jiutepec are <1 ha (79%) and only a few have greenhouse coverage (14%). While in Temixco, they mainly grow roses; the farms have an extension of <1 ha (78%) and no greenhouse coverage.
The farms excluded because of incomplete information were mainly from Cuautla county, where the farms with the largest surface area were found.
The workers in charge, who responded to the questionnaire, have been growers for 16 years on average and have been working at the farm for which they are reporting during 10 years on average. Table 2 shows the 23 pesticides that have been included in the analyses, classified by use and chemical family. The pesticides included were those whose use was reported by more than 10% of the farms. Those used as insecticides are: endosulphan, diazinon, metamidophos, omethoate, methyl parathion, carbofuran, methomyl, oxamyl, biphenthrin, permethrin, imidacloprid and abamectin. The fungicides were: benomyl, carbendazim, methyl thiophanate, mancozeb, triadimephon, captan, chlorotalonyl, iprodione, triforine and metalaxyl. The only herbicide was glyphosate. On average, abamectin was the most widely used insecticide and mancozeb the most widely used fungicide.
Most frequently applied pesticides
The pesticide use was more frequently reported during the rainy season compared with the dry season. This difference between seasons was significant for almost all pesticides in 2005 (table 2), except for some of the insecticides and the fungicide iprodione, but in 2004 the difference was not significant, except for mancozeb, triadimephon and metalaxyl. tively. There are four fungicides grouped into the same pattern, named as benzimidazole fungicides, during both seasons and years: benomyl, carbendazim, thiophanate methyl and metalaxyl. In the rainy season, this is the first component and explains $20% of data variance, but in the dry season it decreases to the third position explaining almost half of the previous variance. Some other pesticides group into this pattern, fungicide triadimephon and insecticide permethrin during the rainy season and fungicides thiophanate and chlorotalonyl during the dry season. Two fungicides are grouped into a use pattern during the dry season: triadimephon and triforine.
Pesticide use patterns
There are two insecticides grouped into a use pattern during both seasons and years: oxamyl and biphenthrin together with fungicide iprodione. During the rainy season, this use pattern is the second component selected because of the explained variance. During the dry season, insecticide methomyl is added to the group and this use pattern becomes the first component.
During the rainy season, the herbicide glyphosate is grouped into the same use pattern as fungicide mancozeb, while during the dry season, it is grouped with the insecticide imidacloprid.
During the dry season in both years the organophosphate insecticides metamidophos and methyl parathion are in the last place (component 6), according to the explained variance. In the rainy season of 2004, they appear as the third component.
Within the group of insecticides, we may find other groupings, omethoate and methomyl group into the same pattern during the rainy season and abamectin and carbofuran during both seasons.
The insecticides endosulphan and diazinon, as well as fungicide captan, do not show a clear seasonal pattern during the 
DISCUSSION
Pesticide use patterns were identified in flower growing farms in the state of Morelos, for the rainy and dry seasons of 2004 and 2005. A similar pattern was found by season during the 2 studied years. This result could be attributed to recall bias because the farmers may give the same answers for the previous year based on what they recollect from the current year when the interview was performed. In this setting, it was difficult to verify the retrospective information on use of pesticides due to the lack of application journals or any other kind of record in most of the farms. However, we think the recall of pesticide use for the farmers who actually are in charge of the purchase and application is reliable, because pesticide use is an integral component in agricultural operations, and farmers have shown good knowledge and recall of the chemicals used. 18 19 Workers who do not apply pesticides themselves are often not aware of the specific products used on the farm, 20 which is the reason why in this study the information was obtained from the worker in charge. Therefore, we think it is more likely that the similar pesticide use patterns observed are the real agrochemical application practices, and the flower growers use the same products by habit. As mentioned before, the farms are mainly small familiar businesses that have acquired an empirical knowledge without having technical assistance in many cases. Some of the highly toxic pesticides used in Mexico are restricted in developed countries. The first principal component by explaining the greater variance of the original data represents a major number of farms that are correlated according to the use of certain pesticides. According to table 5, the results presented here better describe the Cuernavaca farms because we had a greater number of participating farms in this county. It seems difficult to extrapolate the results to other flower growing farms when we are observing differences even between counties in the same state. The first component in the rainy seasons for both years, groups a set of fungicides, since humidity is an important factor for the development of fungal diseases. The use directions of several fungicides state that regular application is recommended in order to prevent the disease, when favourable conditions for its development are present. Benomyl and carbendazim are recommended for use on ornamental plants, but methyl thiophanate is not. Metalaxyl should not be used on ornamental plants and, actually, has a warning not to be used in greenhouses.
11 12 The use of carbendazim was also reported for flower growing in greenhouses in the Netherlands, 1 as well as in flower plantations in Quito Ecuador. 21 The flower plantation workers in Ecuador included in the latter study reported a similar fungicide use as the flower growers in this study, including benomyl, captan chlorotalonyl, iprodione and metalaxyl. On the other hand, the first component for the dry seasons includes a group of insecticides, and also a fungicide d iprodione. The mixture of insecticides that is generally used includes methomyl and biphenthrin. We may observe that, generally, carbamate insecticides are not grouped together, but there are different combinations with insecticides from other chemical families: oxamyl-biphenthrin, methomyl-omethoate and carbofuranabamectin. Pesticides from the carbamate group show nematicide activity for the treatment of soil and leaves, besides their known insecticide activity, although none of them should be used on ornamental plants. Biphenthrin and abamectin can be used to control mites and other insects that attack ornamental plants. 11 12 The use of abamectin was also reported for flower growing in greenhouses in the Netherlands, 1 and the use of insecticides carbofuran and endosulphan was reported by flower plantation workers in Ecuador. 21 We clearly identified the use of the methyl parathion and metamidophos mixture, two organophosphate insecticides of highly acute toxicity. Another mixture identified is herbicide glyphosate and fungicide mancozeb. We must point out that neither one of these products should be used on ornamental plants. 11 12 PCA has been used to study several types of mixtures. 22 In the occupational environment, it has been used to assess exposure to polyaromatic hydrocarbon mixtures in asphalt workers and hydrocarbon mixtures in a shoe factory. 6 The identification of pesticide use patterns is based on the study reported by Samanic et al. 8 In this study, factor analysis was used to examine the patterns of self-reported exposure to 50 different pesticides during their lifetime in the Agricultural Health Study. The resulting factor scores were used as independent variables in an epidemiological analysis that associates pesticide exposure with prostate cancer risk. 23 The aforementioned study included no specific time window for the pesticide use as we did.
When studying mixtures of pesticides, it is very important to consider the possible toxicological interactions existing among the different products. There is an additive effect when the effect of the combination of the chemical compounds can be directly estimated from the sum of the individual concentrations (concentration addition) or the sum of the individual responses (response addition). The interaction of chemical products may occur at the toxicokinetic level, during the absorption, biotransformation, distribution and/or elimination or at the toxicodynamic level, for example at receptor site. When the combination of chemical products does not fulfil the additive model, there may be less than additive toxicity, antagonism, or (7) 39 (20) 47 (24)* Cuautla (14) 43 (6) 36 (5) 21 (3)* Jiutepec (14) 71 (10) 21 (3) 7 (1)* Temixco (9) 89 (8) 0 (0) 11 (1)* Greenhouse coverage, n <50% (36) 64 (23) 22 (8) 14 (5)* $50% (52) 15 (8) 38 (20) 46 (24)* C2: Oxamyl and biphenthrin, % (n) Cuernavaca (51) 12 (6) 39 (20) 49 (25)* Cuautla (14) 64 (9) 29 (4) 7 (1)* Jiutepec (14) 79 (11) 14 (2) 7 (1)* Temixco (9) 44 (4) 33 (3) 22 (2)* Greenhouse coverage (n) <50% (36) 61 (22) 22 (8) 17 (6)* $50% (52) 15 (8) 40 (21) 44 (23)* C3: Mancozeb and glyphosate, % (n) Cuernavaca (51) 37 (19) 36 (18) 27 (14) Cuautla (14) 29 (4) 14 (2) 57 (8) Jiutepec (14) 21 (3) 58 (8) 21 (3) Temixco (9) 44 (4) 12 (1) 44 (4) Greenhouse coverage (n) <50% (36) 33 (12) 39 (14) 28 (10) $50% (52) 34 (18) 29 (15) 37 (19) C4: Captan, % (n) Cuernavaca (51) 18 (9) 36 (18) 46 (24)* Cuautla (14) 29 (4) 42 (6) 29 (4)* Jiutepec (14) 64 (9) 29 (4) 7 (1)* Temixco (9) 89 (8) 11 (1) 0 (0)* Greenhouse coverage (n) <50% (36) 47 ( (14) 21 (3) 36 (5) 43 (6) Jiutepec (14) 15 (2) 64 (9) 21 (3) Temixco (9) 44 (4) 44 (4) greater than additive toxicity, synergism. To understand the way in which the mixtures of pesticides act jointly, it is essential to understand the mechanism of toxicological action for each one of the constituents of the mixture. 7 24 The US Environmental Protection Agency (EPA) has set a precedent in evaluating pesticide mixtures in terms of human health assessment conducting cumulative risk assessments of several groups of pesticides based on a common mechanism of toxicity. 24 This approach is similar to the method developed, also by the EPA, for estimating exposure to dioxin and dibenzofuran mixtures using the toxicity equivalence factors to normalise toxicity of each member of the group with respect to that of an 'index' or reference chemical compound. 7 25 Presently, cumulative risk evaluation guidelines have been developed for groups of pesticides sharing a common mechanism of toxicity: organophosphate and carbamate insecticides, as well as herbicides of the triazine and chloroacetamide groups. 26 The first group of pesticides with a common mechanism of toxicity, established by the EPA in 1999, was that of the organophosphates. This group shares the inhibition of acetylcholinesterase in the central and peripheral nervous systems, as a common mode of action. 27 The aforementioned EPA regulation has been developed for products with a common mechanism of toxicity, assuming an additive model for the combined effect of the mixture, since it is supposed that the pesticide's behaviour in the mixture is similar in terms of toxicokinetic and toxicodynamic processes. 24 In the case of the use patterns identified in this study, we could make this assumption only for the mixture of metamidophos and methyl parathion, both organophosphate insecticides. A study in China reported an association between occupational exposure to ethyl parathion and metamidophos, a mixture of organophosphate insecticides like the one reported here, in a factory with diverse endocrine and male reproductive effects: a slight effect on the male reproductive hormones, a moderate increase in the prevalence of sperm aneuplody and a moderate adverse effect on the quality of semen. 28e30 Other studies in Mexico reported that exposure to organophosphate insecticides (measured as the urinary dialkylphosphate metabolites) was associated with sperm hyperploidy/polyploidy 31 and with a disruption of the hypothalamicepituitary endocrine function affecting follicle-stimulating hormone and luteinising hormone. 32 But the latter studies did not report the specific agrochemical products used by the farmers. The group of fungicides benomyl, carbendazim and thiophanate methyl, are toxicologically related. Benomyl rapidly degrades to carbendazim and carbendazim is also the primary metabolite of thiophanate methyl. Adverse health effects associated with the three fungicides include liver toxicity, developmental toxicity (such as foetal eye and brain malformations and increased mortality), and reproductive (testicular) effects on common target organs (liver, thyroid, testes). 33 34 We may expect an additive model for the adverse health effects of the mixture of these three fungicides. The rest of the identified use patterns are mixtures of pesticides from different chemical families which do not share a common mechanism of action. The possible interactions existing among the components of these mixtures are difficult to predict. Colborn et al 35 and later Van Tongeren et al 36 presented a list of chemicals reported to have reproductive and endocrine-disrupting effects among which, some of the pesticides reported here, were included: benomyl, mancozeb, endosulphan and methomyl.
The results of this analysis will be used to assign the exposure to the use patterns (pesticides mixtures) in the epidemiological study of endocrine and reproductive effects associated with pesticide exposure in workers of the flower industry in Mexico. The principal component score obtained for each pesticide mixture at the workplace level will be assigned to the worker. Besides this information on the specific pesticide mixture exposure by season, some other relevant information on exposure intensity was obtained at the personal level on a monthly basis, such as, tasks and activities performed, use of personal protection equipment and application method.
PCA is useful to identify the pesticide mixtures in the occupational environment, which may have an interactive effect on a particular health effect.
